) are consistent with formation of the arc complex in an intra-oceanic setting. The isotopic data demonstrate the involvement of enriched, DUPAL-type mantle, suggesting that the Kohistan arc formed at or south of the present equator. Subduction polarity inferred from geochemical and isotopic data indicate that the Chalt Volcanics and Kamila Amphibolites represent a forearc and backarc basin sequence, respectively. These inferences are most simply resolved with a tectonic model whereby the intra-oceanic Kohistan arc evolved over a south-dipping subduction zone, implying that Kohistan and India moved northwards on the same plate, although separated, during much of Cretaceous time. Collision of Kohistan with the Karakorum caused a new, north-dipping subduction zone to form on the south side of Kohistan, leading to collision with India in early Tertiary time.
The Kohistan terrane of northern Pakistan is a superb example of juvenile crust that formed by magmatic additions at an intra-oceanic convergent margin (Hamilton 1994) . It is particularly important to tectonicists because its formation and accretion history constrains the Cretaceous palaeogeography of the Neotethys, and to igneous geochemists because it provides a complete and well-exposed section of primitive arc crust. Almost no isotopic data has been previously reported for the Kohistan intraoceanic arc terrane, and several important aspects about its tectonic significance remain controversial, particularly how wide was the oceanic seaway that separated it from Asia, and what was Kohistan's subduction polarity? We report here new major and trace element and isotopic compositions for igneous rocks that formed during the evolution of Kohistan as an intra-oceanic arc, and use these data to (1) confirm that Kohistan represents an intra-oceanic arc; (2) demonstrate that, prior to collision with the Karakorum terrane, the Kohistan arc faced north over a south-dipping subduction zone; and (3) infer that the Kohistan intra-oceanic arc originated near the present location of the DUPAL isotopic anomaly, at near equatorial latitudes.
Geological setting
The Kohistan terrane is located in northern Pakistan and is bounded to the north by the Shyok (or Northern) Suture and to the south by the Indus Suture (Fig. 1) . Sedimentary sequences indicate that formation of the intra-oceanic Kohistan arc began in Early Cretaceous time (Yasin Group carbonates of Aptian-Albian age; Pudsey 1986), consistent with Ar/Ar and Rb/Sr ages indicating that the bulk of the igneous infrastructure formed between 110 and 90 Ma (Schärer et al. 1984; Petterson & Windley 1985; Treloar et al. 1989 ). The inference that Kohistan originated as an intraoceanic arc results from its mafic bulk composition, presence of pillowed lavas and marine sediments, low-K nature of associated felsic rocks, absence of continental crust or detritus, and separation of the inferred intra-oceanic arc of Kohistan from continental crust to the north and south by unequivocal suture zones. Kohistan and Ladakh comprise correlative parts of this Cretaceous intraoceanic arc separated by the late Cenozoic Nanga Parbat-Haramosh uplift. The intraoceanic phase of Kohistan lasted until sometime between 102 and 85 Ma, when Kohistan collided with the Karakorum (Asia) across the Shyok Suture (Treloar et al. 1996) . From this time until collision with India about 50 Ma ago, Kohistan existed as an Andean-type margin. For a current overview of the geology of Kohistan see Treloar et al. (1996) . This report focuses on the intra-oceanic phase of Kohistan.
The intra-oceanic arc crust of Kohistan consists of five principal units, extending from the Indus Suture in the south to the Shyok Suture in the north ( Fig. 1): (1) basal ultramafic-mafic cumulates (Jijal Ultramafics); (2) Kamila Amphibolite; (3) Chilas Complex of mafic to intermediate plutonic rocks; (4) early bimodal suite of intrusive rocks (Stage 1 of Petterson & Windley 1985) and Gilgit gneisses; and (5) Chalt Volcanics (Khan et al. 1993) . The early bimodal suite is a small part of the region shown as 'Kohistan batholith' in Fig. 1 . The bulk of the Kohistan batholith formed after collision of Kohistan and Karakorum, during the Andeanmargin phase of Kohistan, and is of no concern to this report. We report geochemical and isotopic data on Kamila amphibolites, Chilas Complex intrusive rocks, and Chalt Volcanics.
The Kamila Amphibolite belt is a composite mass dominated by amphibolite-facies meta-plutonic and metavolcanic rocks. Hornblende Ar-Ar cooling ages of about 80 Ma (Treloar et al. 1989) indicate that regional amphibolite facies conditions existed prior to this time. Two types of amphibolites are identified in the field: (1) fine-to mediumgrained amphibolites, either homogeneous or banded and (2) homogeneous, medium-to coarse-grained amphibolites (Jan 1988; Treloar et al. 1990) . The former are thought to be metamorphosed mafic to intermediate volcanics, whereas the latter are interpreted as metamorphosed gabbros and diorites. Our study was concerned with the metavolcanic amphibolites; we report no data for the second group. The Kamila metavolcanic amphibolites are subdivided into HFSE-enriched and -depleted groups, and are referred to as 'E-type' and 'D-type' metavolcanic amphibolites by Khan et al. (1993) . E-type amphibolites have MORB-like major and trace element compositions and do not show spikes in normalized trace element patterns characteristic of subduction-related igneous rocks. In addition they show REE patterns with modest depletions in LREE. In contrast, D-type amphibolites show normalized trace element patterns consistent with the participation of a 'subduction component' (Pearce 1984) . Kamila amphibolites derived from metamorphosed plutonic rocks show a very strong 'subduction component', with high Ba/Nb. Kamila metaplutonic amphibolites are compositionally very similar to gabbronorites of the Chilas Complex. Khan et al. (1993) concluded that all three varieties of Kamila amphibolites were derived from a mantle source that was enriched in incompatible trace elements.
The Chilas Complex is more than 300 km long and up to 40 km wide, defining the spine of the Kohistan terrane. The Chilas Complex is subdivided into 'main gabbronorites' and a 'UMA association' by Khan et al. (1989) . Gabbronorites comprise the vast bulk of the Chilas Complex; the distinctive cumulate ultramafic, mafic, and anorthositic rocks of the UMA association formed later. Gabbronorites define a calc-alkaline suite that range from about 51 to 59% SiO 2 , comparable to island-arc non-cumulates of Beard (1986) . They show the distinctive chemical characteristics of convergent margin magmas, especially strongly positive spikes for Ba, K, and Sr, and negative Nb anomalies. They have modest LREE-enrichments ((Ce/Yb) n =2-3.5), with REE contents of about 10 chondritic abundances. The rocks cooled and equilibrated under P-T conditions of the pyroxene granulite facies, estimated at 750-850 C and 5-6.5 kbar (Jan & Howie 1980) . In spite of the close temporal and spatial affinities of the two principal Chilas Complex components, significant differences in mineral compositions exist between gabbronorites (Olivine absent, magnetite-ilmenite, An 40 -An 64 ) and UMA (Olivine abundant, Cr-spinel, An 83 -An 99 ). The Chilas Complex was emplaced at c. 100 Ma into high levels of the deformed arc. For this report, we accept the Chilas Complex as developed during the intra-oceanic phase of Kohistan arc evolution, although Treloar et al. (1996) conclude that the Chilas Complex was emplaced after Kohistan collided with the Karakorum.
The Chalt Volcanics occupy a 330 km 30 km belt along northernmost Kohistan. The upper part of these volcanics are interbedded with the Yasin sediments of Aptian-Albian age. Abundant pillowed lavas demonstrate that some if not all of these lavas erupted subaqueously. The Yasin and Chalt are strongly deformed and modestly metamorphosed, from lower greenschist facies in the west to lower amphibolite facies in the east (Petterson & Windley 1991) . A significant compositional difference is observed along the strike of the belt, with a high-Mg suite encountered in the Hunza Valley (where the present suite was obtained) and a low to intermediate Mg calc-alkaline sequence found to the west. Boninite is common in the Hunza Valley section along with some tholeiitic basalts and abundant felsic lavas. 
Analytical techniques
Major-and trace-element analyses presented in Tables 1, 2 , and 3 were obtained using standard XRF spectrometry techniques. The samples of Kamila Amphibolite and the Chilas Complex were analysed at the University of Oklahoma, using a Rigaku XRF, while those from the Chalt Volcanics were analysed at the University of Leicester, using Philips PW 1450 automatic XRF. Similar analytical techniques and standards were used at the two laboratories. Major elements were determined from glass fusion beads (made using a lithium tetraborate/ lithium metaborate flux; rock:flux ratio 1:5) analysed by using a Rh anode X-ray tube. Trace element concentrations were determined on pressed-powder pellets made using an organic binder (Moviol). Ni, Zr, Nb, Rb, Sr, Y determinations were made using a Rh anode X-ray tube with mass absorption corrections applied using the intensities of the Rh K Compton scatter peak (Harvey & Atkins 1982) . Determinations of Cr and Ba used a W anode X-ray tube with mass absorption corrections applied using the intensities of the W L Rayleigh scatter peak and Fe K to cross the Fe-absorption edge after the technique of Nesbitt et al. (1976) . Detections limits (2 sigma) are approximately 1 ppm for Cr, Rb, Sr, Zr, Nb and Y, and 2 ppm for Ni, Cr and Ba.
Concentrations of Nd, Sm, and Pb were determined by isotope dilution at UTD. Standard isotope dilution and cation exchange techniques were used to separate Sr, and LREE (Nd & Sm) . A procedure modified after Richard et al. (1976) was used to separate Nd from Sm for isotope composition runs. The Pb separation procedure is reported in Manton (1988) , with an initial anionic column separation. Total processing blanks were: <140 pg Pb; <700 pg Nd; and <1 ng Sr. Isotopic compositions were determined with a Finnigan MAT 261 multi-collector thermal ionization mass spectrometer; Nd was analysed in the dynamic multicollection mode, whereas Sr and Pb were analysed in the static multicollection mode. Sr isotopic compositions were fractionation-corrected to 86 Pb/ 204 Pb are distinct from a reference line defined by oceanic basalts from the northern hemisphere. This notation is used because it is an effective way to identify igneous rocks derived from certain mantle reservoirs such as the DUPAL source. Because U and Th concentrations have not been determined, the Pb isotopic compositions could not be recalculated as initial ratios. However, the isotopic composition of Pb in the samples may still be a useful isotopic fingerprint for the following reasons: (1) 
Results
The investigated Kamila samples are all mafic, with a restricted range in silica (48-52%) but with a much wider range in incompatible elements such as K (Fig. 2) . The subdivision of the Kamila metavolcanic amphibolites into E-type (relatively high Ti and other HFSE such as Zr, Y, and Nd; relatively low K 2 O, Rb, and Sr) and D-type is supported by trace element ratios (E-type has high K/Rb=660-1330 and low Sr/Nd=8-13 characteristic of MORB and ocean island basalt (OIB), whereas D-type has low K/Rb=330-470 and high Sr/Nd=18-46, similar to that of modern convergent margin volcanic suites). All of these features are consistent with E-type Kamila metavolcanic amphibolites having a MORB-like basaltic precursor, whereas D-type Kamila metavolcanic amphibolites have clear characteristics of supra-subduction zone igneous rocks. We will show that Kamila D-type metavolcanics are similar in many respects to the rocks of the Chilas plutonic complex.
The isotopic data also distinguish between the two types of Kamila metavolcanic amphibolites. E-type samples have more radiogenic Nd ( Nd 120 (Fig. 3) . The Pb isotopic compositions of E-and D-type metavolcanics are similar (Fig. 4) The Chalt Volcanics define a compositionally heterogeneous group. They include low-K and medium-K rocks of basaltic, boninitic, and rhyodacitic composition (Fig. 2) . The suite is characterized by very low TiO 2 and Zr contents (<0.45% and <80 ppm, respectively). Chalt boninites and low-Ti basalts may contain very high contents of MgO (up to 12.5%), Ni (up to 400 ppm), and Cr (up to 1500 ppm). Boninitic samples (PL28, N138, N161, and IK580) have 10 to 12.5% CaO, and must therefore be classified as 'High Ca boninites' according to Crawford et al. (1989) . Basalts and boninites have very low abundances of Sr (<100 ppm), Ba (<40 ppm), and Nd (<8 ppm).
Samples of the Chalt Volcanics that we analysed have homogeneous isotopic compositions of Nd ( Nd(120 Ma) . The 8 samples of Chalt boninite, basalt, and rhyodacite fall between Kamila and Chilas suites on plots of Pb isotopic compositions (Fig. 4) . The Chalt Volcanics define a much larger range on a plot of Sr v. Nd isotopic compositions (Fig. 3) , reflecting the larger range in 87 Sr/ 86 Sr i (0.7040-0.7055). The Chalt Volcanics are metamorphosed submarine lavas, probably reflecting partial re-equilibration accompanying submarine hydrothermal metamorphism. Such metamorphism greatly affects Sr, but not Nd or Pb isotopic compositions. If so, the Chalt before being metamorphosed may have had as restricted a range of Sr isotopic compositions as it now has Nd and Pb isotopic compositions. The petrologic diversity of the Chalt Volcanics can be explained by a fractional crystallization process from a parental magma similar to the Chalt boninites or basalts. Nd and Pb isotopic homogeneity for the large range of SiO 2 contents in Chalt Volcanics supports this model, although this requires that the range in Sr isotopic composition reflects alteration. Alternatively, the isotopic data are consistent with a model of anatexis whereby Chalt boninites or basalts were melted to generate felsic lavas. It is also noteworthy that the Sr and Nd isotopic composition of the 102 12 Ma Matum Das tonalite (Petterson & Windley 1985) , which crops out along the Hunza River in the belt of Chalt Volcanics, has Sr and Nd isotopic compositions that indicate close petrogenetic affinities with the Chalt (Fig. 3 ; Petterson et al. 1993) .
The range of 
Discussion
The data presented here allow us to address three questions about the Kohistan intra-oceanic arc system. These are: (1) polarity of the intra-oceanic Kohistan arc; (2) nature of the source region of Kohistan arc magmas; (3) palaeogeographic setting of the Kohistan intra-oceanic arc. These items are discussed further below.
Polarity of the intra-oceanic Kohistan arc
The intra-oceanic Kohistan-Ladakh arc formed over a subduction zone which dipped beneath it either to the south or to the north. From the time it was first recognized as an intraoceanic arc complex (Tahirkheli et al. 1979) , investigators have preferred the interpretation that the dip was to the north (Pudsey 1986; Petterson & Windley 1991; Robertson & Degnan 1994 ). We are not convinced by the evidence for a northerly dip direction for the Kohistan subduction zone prior to collision with the Karakorum. Regardless of the orientation of the subduction zone beneath Kohistan, another northdipping subduction zone beneath Karakorum is required to generate c. 95 Ma granodioritic rocks of the Karakorum batholith (Le Fort et al. 1983) . Collision between Kohistan and Karakorum to form the Shyok Suture is constrained to have occurred sometime in the early Late Cretaceous, 85-102 Ma ago (Treloar et al. 1989) . Pudsey (1986) argued that this suture represented a collapsed back-arc basin, in part to accommodate the lack of evidence in the suture melange for subduction of a large oceanic tract.
Our understanding of the distribution of igneous rocks and their trace element and isotopic compositions in Kohistan presents another perspective for constraining subduction polarity of the intra-oceanic Kohistan arc. We conclude that the chemical and isotopic composition of Kohistan igneous rocks, particularly the Chalt and Kamila volcanic sequences, formed over a south-dipping subduction zone. We appreciate that our interpretation is not exclusive; for example, Treloar et al. (1996) infer that the Kamila provides substrate to Chalt cover. However, we find that the geochemical and isotopic data are more consistent with Kohistan sequences reflecting changes across an approximately contemporaneous arc system. There are two lines of evidence to support this. et al. 1984) . Isotopic composition of Ambenali basalts, Deccan Traps, India, is from Lightfoot et al. (1990) . Also shown are trajectories of isotopic composition corrected for radiogenic growth back to 125 Ma (25 million year steps), assuming ( 238 U/ 204 Pb)=10.9 and ( 232 Th/ 238 U)=3.6. This is intended to illustrate the magnitude and the general direction of isotopic changes that may have occurred in these samples since these lavas were erupted in the Cretaceous. Also shown are vectors appropriate for fractionation trajectories due to thermal fractionation during analysis; the length of the vector corresponds to 0.15%/amu. form in forearcs, including subduction initiation (Stern & Bloomer 1992; Bloomer et al. 1995) , spreading-centre subduction (Crawford et al. 1989; Pearce et al. 1992) , and interaction of the elevated thermal regime associated with a back-arc basin spreading center superimposed on the high water flux of a forearc (Falloon & Crawford 1991) . Discussion continues regarding which of these models is most appropriate, but the consensus that boninites form in fore-arc settings remains. The interbedded submarine boninites, low-Ti tholeiites, and felsic rocks of the Chalt Volcanics are reminiscent of the Izu-Bonin-Mariana forearc, as is the rapid transition from volcanism to carbonate-dominated pelagic and hemipelagic sedimentation represented by the Chalt-Yasin succession (Bloomer et al. 1995) . (2) The MORB-like affinities of Kamila E-type metavolcanic amphibolites and their intercalation with D-type amphibolites which have a strong subduction component is most consistent with the interpretation that these formed in a back-arc basin. MORB-like magmas are only found at convergent margins in a back-arc basin setting, and sequences containing alternating or interfingering MORB-and arc-tholeiites are characteristic of modern back-arc basins such as the Mariana Trough and Lau Basin (Wood et al. 1981; Hawkins 1995; Gribble et al. 1996) .
The inference that the 'subduction component' becomes less important from the Chalt Volcanics in the north to the Kamila Amphibolites in the south is also supported by an overall increase in the incompatible HFS elements Ti and Zr in the same direction. Abundances of HFS elements in an intraoceanic convergent margin increase from the forearc to the back-arc, which reflects an overall decrease in the degree of melting or degree of source region depletion that gives a clear facing direction for the arc (Taylor et al. 1992) . The HFSE evidence for Kohistan is very clear; considering only rocks with 48-59% SiO 2 , the Chalt Volcanics contain c0.3% TiO 2 and <30 ppm Zr; Chilas Complex samples contain 0.84 and 1.24% TiO 2 and 71-133 ppm Zr; Kamila samples contain as much as 2.25% TiO 2 and 149 ppm Zr. These relationships are graphically presented in Fig. 5 , by which result the intraoceanic Kohistan arc faced northwards above a S-dipping subduction zone.
The tectonic model that we prefer is shown in Fig. 6 . Figure 6a shows the intra-oceanic phase and features an ocean basin (Neotethys) between Karakorum and Kohistan. This ocean closed as a result of two subduction zones, one dipping north beneath Karakorum and the other dipping south beneath Kohistan. This tectonic situation has a modern analogue in the Molucca Sea, south of the Philippines. The Molucca Sea is closing as a result of west-dipping subduction beneath the Sangihe Arc to the west and east-dipping subduction beneath the Halmahera Arc to the east (Hamilton 1978; Moore et al. 1981) .
There is no evidence for a hiatus in India's northward motion during the Late Cretaceous, and continuous northward motion requires a new subduction zone to form immediately after Kohistan and Karakorum collided. This new subduction zone dipped north on the south side of Kohistan. This reversal of subduction polarity beneath Kohistan during the Late Cretaceous is analogous to the situation inferred for the Solomon Arc during the Late Tertiary (Cooper & Taylor 1985) . Thickened crust of the Ontong Java Plateau arrived at the Vitiaz Trench on the north side of the Solomon Arc during the Miocene. This stopped south-dipping subduction and led to the formation of a new, north-dipping subduction zone southwest of the Solomons.
Our model satisfies all tectonic constraints, including: (1) India began moving north during the magnetic quiet zone, at approximately 120 Ma, and continued to move rapidly north until collision with Asia about 50 Ma ago (Patriat & Achache 1984) . The northward movement of India reflects the development of subduction zones to the north at about 120 Ma (Scotese et al. 1988) . (2) North-dipping subduction is required Fig. 5 . Abundances of high field strength elements Zr, Y, and Ti for Kohistan intraoceanic phase igneous rocks, compared with data for transects across the Izu-Bonin-Mariana (IBM) intra-oceanic arc system, reported by Taylor et al. (1992) . Stippled field encompasses all IBM data for samples, filtered for 3.5%<MgO<15%; dashed line is our estimate of the 'best fit' trend of the data. IBM Arc system data indicate increasing HFSE concentrations with distance from the trench. Data for Kohistan samples includes mean 1 standard deviation. Positions of Chalt, Chilas, and Kamila are shown to make the point that Kohistan HFSE data are most consistent with the sequence of units having the following order of increasing distance from the trench: Chalt, Chilas, and Kamila. This is consistent with a model for the formation of the Kohistan intra-oceanic arc system over a south-dipping subduction zone. Kohistan data sources follow: Chalt (n=41), Petterson & Windley (1985 , 1991 , Luff & Windley (unpublished) ; Chilas (n=40), Khan et al. (1989) ; Khan (unpublished); Kamila (n=37), Khan (unpublished).
beneath Karakorum to generate the Karakorum batholith (Searle 1991). (3) Following the formation of the Shyok suture, the subduction zone associated with the northward motion of India dipped north on the south side of accreted Kohistan. This explanation is also consistent with the presence of S-dipping structures in northern Kohistan (Coward et al. 1982) , which may have formed in association with a S-dipping subduction zone.
Nature of the source region of Kohistan intra-oceanic arc magmas
One of the important controversies surrounding convergent margin magma-genesis concerns the relative contributions provided by mantle as opposed to subducted crust and sediments. Understanding this chemical budget is important not only for understanding arc magma-genesis, but also for understanding a wide range of other first-order questions about the earth, including whether or not the Earth's mantle and crust are still differentiating, whether the continents are growing or shrinking, and how the sources of hot-spot mantle formed. It is widely acknowledged that a hydrous subduction zone environment may be responsible for fractionating elements that are not fractionated in anhydrous magmagenetic environments such as hot spots or mid-ocean ridges. The most spectacular of these incompatible element fractionations in arcs is the relatively high abundance of fluid-mobile alkali metals and alkaline earths (K, Rb, Ba, Sr) relative to the abundance of less mobile high field strength elements (e.g., Ti, Zr, Y, Nb, Ta). Having acknowledged these fractionations and the fact that some elements are clearly derived from subducted components such as 10 Be (Morris et al. 1990 ), the question remains as to the relative importance of contributions of other incompatible elements that are extracted from the mantle compared to those that are recycled from subducted crust and sediments. We argue that the distinctive isotopic signature of Indian Ocean mantle is readily recognized in the composition of Kohistan igneous rocks, and that this signature overwhelms any signature from subducted sediment. Hart (1984) recognized a zone of enriched mantle underlying equatorial oceanic regions which he called DUPAL. DUPAL mantle generates lavas with distinctive isotopic characteristics, including relatively low Nd and 206 Pb/ 204 Pb, and relatively high 87 Sr/ 86 Sr and 8/4. Regions underlain by DUPAL mantle are presently far to the south of Kohistan, but DUPAL isotopic characteristics are readily identified in all igneous rocks from the intraoceanic phase of the Kohistan arc (Fig. 7) .
Another perspective is gained from comparison of Kohistan igneous rocks with Deccan traps. The Deccan Traps are flood basalts that erupted about 65 Ma when India passed over the Reunion hotspot. Most of the Deccan basalts have been significantly contaminated by continental lithosphere, but the Ambenali unit in the upper part of the sequence is thought to manifest predominantly asthenospheric isotopic compositions (Lightfoot & Hawkesworth 1988; Peng & Mahoney 1995) . The Ambenali basalts formed about 3500 km south of their present position and thus represent the composition of the asthenosphere beneath the subequatorial Indian Ocean basin at the end of Cretaceous time. They show DUPAL isotopic characteristics, especially high 8/4, and constitute an appropriate data set that can be used to examine the potential mantle controls on the isotopic composition of Kohistan igneous rocks. Six samples of Ambenali basalts analysed by Lightfoot et al. (1990) Pb/ 204 Pb, both define a trend which lies above and parallel to NHRL. The Pb isotopic characteristics for both Kohistan and Ambenali are consistent with mixing between mantle reservoirs EMI and EMII. Intriguingly, evidence of such mixing cannot be inferred from Sr-Nd systematics (Fig. 3) .
Palaeogeographic setting of the Kohistan intra-oceanic arc
Our inferences regarding polarity of the intra-oceanic Kohistan arc and its formation in an oceanic realm dominated by DUPAL mantle sources lead us to propose a palaeogeographic model for Early Cretaceous time (Fig. 8) . It shows Kohistan lying within the DUPAL region, about 3000 km south of the Karakorum. The Shyok Sea, that part of Neotethys north of Kohistan, lies between Kohistan and Karakorum. India and Karakorum move northwards together until Kohistan collides with Karakorum, when a new, northdipping subduction zone is constructed on the south flank of Kohistan. The development of this new subduction zone may be manifested by the first stages in the development of the Oman subduction zone (obduction of the Semail ophiolite), about 90-95 Ma (Lippard et al. 1986 ).
This model is subject to a number of uncertainties which affect the size of the seaway that lay between Kohistan and southern Asia. First of all, the location of the southern margin of Asia at this time is controversial. For example, we present the configuration of Scotese et al. (1988) which places it about 15 N, but Searle (1991) places it closer to 10 N. Secondly, the location of Kohistan is not highly constrained. It must lie between India and Asia, and we infer from the isotopic data that it lay in the DUPAL realm, but where precisely? We have also assumed that the surface projection and location of the DUPAL anomaly has not changed significantly in the past 100 million years. These uncertainties indicate that we cannot use the isotopic data to quantitatively reconstruct Kohistan's paleolatitude in Cretaceous time; nevertheless it should be noted that the paleomagnetic study of Yoshida et al. (1996) place Kohistan slightly south of the Equator about 100 Ma ago.
Another way to look at these uncertainties is to try to minimize the size of the Shyok Sea. If we accept Searle's (1991) position for southern Asia at 10 N and a location for Kohistan closer to the northern limits of the DUPAL anomaly, perhaps along the equator, the Shyok Seaway shrinks in width to perhaps 1000 km. There is nothing in our data that precludes alternate configurations such as this.
Conclusions
Geochemical and isotopic data reported here are most consistent with the model that the Kohistan intra-oceanic arc faced 
Appendix: sample localities and descriptions

A83
Niat Gah, south of Lumar. Foliated, fine-grained metavolcanic amphibolite, otherwise homogeneous.
A86
Niat Gah, north of Lumar. Fine-grained, metavolcanic amphibolite.
A93
Niat Gah, 100 m north of the Niagran village (part of Niat metavolcanics Fig. 6a .
